Abstract-To overcome blind spots of an ordinary weather radar which scans horizontally at a high altitude, a weather radar which operates vertically, so called an atmospheric profiler, is needed. In this paper, a K-band radar for observing rainfall vertically is introduced, and measurement results of rainfall are shown and discussed. For better performance of the atmospheric profiler, the radar which has high resolution even with low transmitted power is designed. With this radar, a melting layer is detected and some results that show characteristics of the meting layer are measured well.
I. INTRODUCTION
A weather radar usually measures meteorological conditions of over a wide area at a high altitude. Because it observes weather phenomena in the area, it is mainly used for weather forecasting. However, blind spots exist because an ordinary weather radar scans horizontally, which results in difficulties in obtaining information on rainfall at higher and lower altitudes than the specific altitude. Therefore, a weather radar that covers the blind spots is required.
A weather radar that scans vertically could solve the problem. This kind of weather radar, so called an atmospheric profiler, points towards the sky and observes meteorological conditions according to the height [1] . Also, because the atmospheric profiler usually operates continuously at a fixed position, it could catch the sudden change of weather in the specific area.
In this paper, K-band rain radar which has low transmitted power and high resolutions of the range and the velocity is introduced. The frequency modulated continuous wave (FMCW) technique is used to achieve high sensitivity and reduce the cost of the system. In addition, meteorological results are discussed. Reflectivity, a fall speed of raindrops and Doppler spectrum measured when it rained are described, and characteristics of the melting layer are analyzed as well.
II. DEVELOPMENT OF K-BAND RAIN RADAR SYSTEM

A. Antenna
To suppress side-lobe levels and increase an antenna gain, offset dual reflector antennas are used [2] . Also, separation wall exists between the transmitter (Tx) and receiver (Rx) antennas to improve isolation between them. With these methods, leakage power between Tx and Rx could be reduced. Fig. 1 shows manufactured antennas and the separation wall. Fig. 2 shows a block diagram of the K-band rain radar. Reference signals for all PLLs in the system and clock signals for every digital chip in baseband are generated by four frequency synthesizers. In the Tx baseband module, a field programmable gate array (FPGA) controls a direct digital synthesizer (DDS) to generate an FMCW signal which decreases with time (down-chirp) and has a center frequency of 670 MHz. The sweep bandwidth is 50 MHz which gives the high range resolution of 3 m. Considering the cost, 2.4 GHz signal used as a reference clock input of the DDS is split and used for a local oscillator (LO). the FMCW signal is transmitted toward raindrops with the power of only 100 mW. Beat frequency which has data of the range and the radial velocity of raindrops is carried by 60 MHz and applied to the input of the Rx baseband module. In the Rx baseband module, quadrature demodulation is performed by a digital down converter (DDC). Thus, detectable range can be doubled than usual. Two Dimensional-Fast Fourier Transform (2D-FFT) is performed by two FPGAs. Because the 2D FFT is performed with 1024 beat signals, the radar can have high resolution of the radial velocity. Finally, data of raindrops are transferred to a PC with local LAN via the an UDP protocol. TABLE I. shows main specification of the system. To want to know about the target's characteristics in the radar system, the radar transmit the radar signal to the target. Then the radar can estimate distance between the radar and the target, radial velocity and material of target by analyzing the echo signal from the target such as its time delay, Doppler shift and signal strength, etc. It is widely known uses of radar. However, micro motion analysis of the target using micro Doppler obtained from radar, as well as such basic things are being done actively in recent years. The relationship between micro motion and micro Doppler frequency is derived mathematically for each micro motion such as rotation, precession and nutation etc. [1] [2] . In application field, using micro Doppler information from Doppler spectrogram, SVMbased classification algorithms such as human activity classification algorithm or target classification techniques are proposed [3] [4] . Also, micro motion parameter estimation techniques using inertia characteristic are studied [5] [6] . In this paper, rotation parameter estimation algorithm is proposed. The proposed algorithm does not need to know about inertial characteristic and just analyzes Doppler spectrograms from the three or more radars. The proposed technique is based on the convex optimization to obtain the rotation parameters such as angular velocity vector and scatterer point vector.
B. Design of Tranceiver
This paper is organized as follows. In section II, radar signal modeling and flow of generating Doppler spectrogram is described. Then the proposed technique is introduced in Section III. To evaluate the propose technique, Section IV shows the simulation results and the conclusion will be followed in Section V.
II. DOPPLER SPECTROGRAM GENERATION
Doppler spectrogram extracted from the range-Doppler map is widely used to analyze the distribution of a Doppler frequency according to the time such as motion analysis and activity classification. In this chapter, the FMCW radar signal modeling is briefly mentioned and the procedure for Doppler spectrogram generation is described. 
A. Signal modeling
where , , 
B. Range and Doppler estimation
In equation (2) 
C. Short-time Fourier transform (STFT)
In the subsection B, we obtain Doppler frequency by applying Fourier transform. However, if the target has micro motion such as rotation, vibration, the Doppler frequency also changes in a short time [1] 
III. CONVEX OPTIMIZATION-BASED ROTATION PARAMETER
ESTIMATION
In this chapter, we describe convex optimization-based rotation parameter estimation algorithm using Doppler spectrogram and relationship between Doppler frequency and object's dynamics.
A. Rotation parameter
Since we use three or more radars, the position of target can be obtained by using triangulation method, and we can assume that the target position is known. Then we consider two coordinate system, reference coordinate and local coordinate that have the same origin which is the center of gravity of the target. The reference and local coordinate can be regarded as navigation frame ( ) , , X Y Z which is fixed frame when target position is decided and body frame ( )
which can be changed with respect to heading of target, respectively as figure below [8] . 
Where rot R is the direction cosine matrix (Rotation matrix) that represents attitude between reference frame and local frame [8] . We express the angular velocity vector and scatterer point vector in reference coordinate as w r and r r , respectively.
In this work, we separate w As shown in Fig. 1 , Doppler variation appears in Doppler spectrogram. Since we only consider the rotation in the micro motion, the variation of micro Doppler seems sinusoidal signal. From the Doppler spectrogram, time-frequency (1D) signal can be obtained using morphological technique [5] . As a result, if we extract the frequency component of time-frequency (1D) signal, we can estimate w r .
2) Set the initial value Calculate r
r .
Norm of scatterer point vector r r differs depending on the size or type of missiles. In this procedure, the initial value of r r is set such as 5cm, 10cm. ( ) r r r r r r
Then, convex optimization is executed for each radar and corresponding equation is (8) [9] .
( )
the other radars. The position of the radars and target in the reference coordinate is shown below. 
B. Simulation results
In this simulation, r r is estimated at an interval of 1cm.
As shown in Fig. 4 , in both scenarios, relative error becomes the minimum value at true r r . As shown in the simulation results, there is estimation error in spite of noise-free environment. This is due to the resolution limitation of , , 
V. CONCLUSIONS
In this paper, convex optimization-based rotation parameter estimation algorithm using micro Doppler without inertial characteristic is proposed. This means that if there is unknown rotating target, the angular velocity and length of target rotor or wing can be estimated. For future research, the proposed technique will be tested in the noise environment and for various scenarios. Afterward, if this technique is still effective, it can be applied for missile or helicopter classification technique.
